Sulfur loss during the unblocking of phosphorothioate analogues of oligonucleotides with concentrated aqueous ammonia can be completely suppressed by the addition of 2-mercaptoethanol.
Most synthetic oligodeoxyribonucleotide phosphorothioates (Scheme 1, 1a) that have been described so far have been prepared by solid phase synthesis (1, 2) . Phosphoramidite monomers are generally used in solid phase oligonucleotide phosphorothioate synthesis, and a sulfur transfer step is then required in each synthetic cycle. The assembled oligonucleotide sequences are removed from the solid support and unblocked in a two-step process which involves heating with concentrated aqueous ammonia at 50-55_C, followed by treatment with dilute acid. Analysis of the completely unblocked material by 31 P NMR spectroscopy (3) usually reveals a small percentage (perhaps ∼1%) of phosphodiester (as in Scheme 1, 1b) amongst a preponderance of desired phosphorothioate diester internucleotide linkages. If, for example, an icosamer (20mer) contained 1% of randomly distributed phosphodiester internucleotide linkages, this could mean that barely >80% of the oligonucleotide analogue would consist of material with exclusively phosphorothioate diester internucleotide linkages.
In the solid phase synthesis of oligonucleotide phosphorothioates, there are two potential sources of phosphodiester contamination. First, despite the enhanced reactivity of some of the recently developed reagents (3, 4) , sulfur transfer may well not be quantitative in each synthetic cycle. Secondly, and this source of contamination has been identified by working with oligonucleotide phosphorothioates prepared by the phosphotriester approach in solution, sulfur loss can occur during treatment with concentrated aqueous ammonia in the first unblocking step (5,6). Kodra et al. (6) have suggested that this second cause of sulfur loss may be due to the presence of traces of certain metal ions. Indeed, these workers showed (6) that if the ammonia solution were made 0.01 M with respect to EDTA, sulfur loss during the unblocking process was significantly decreased. We now report that if unblocking is carried out with aqueous ammonia (d 0.88)-2-mercaptoethanol (9:1 v/v) at 50_C, no sulfur loss whatsoever is observed.
Solutions of the di- Figures 1 and  2 . All three substrates were prepared by the phosphotriester approach in solution (7, Reese,C.B. and Song,Q., unpublished observations) with the internucleotide linkages protected with S-(2-cyanoethyl) groups (7); all three substrates were protected on their terminal 3′-and 5′-hydroxy functions with levulinyl and acetyl groups, respectively, and on their adenine, cytosine, guanine and thymine residues with benzoyl, benzoyl, isobutyryl and p-anisoyl groups, respectively. It can be seen from Figure 1a (Fig. 1b) , the presence of d[GpA] was detected both by 31 P NMR spectroscopy (δ P ∼0; estimate ∼1.3%) and HPLC (R t 10.91 min; estimate ∼1.8%). It is further clear from Figure 2a In the solid phase synthesis of oligonucleotide phosphorothioates, it is impossible to estimate how much sulfur loss is due to incomplete sulfur transfer and how much occurs during unblocking in ammonia solution. However, it seems reasonable to conclude that contamination with material containing phosphodiester internucleotide linkages would be diminished significantly if 2-mercaptoethanol were added to the ammonia unblocking solution.
